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High-spin states in 146Nd and t4SSm have been populated using the 13C+ 136Xe and 22Ne+ ~3°Te compound nucleus reactions 
Alternating parity bands built on the ground state are observed to spin 1= (19) and 1= (27) m t46Nd and 148Sm respectively 
Analys~s of the data done in terms of the reflection-asymmetric mean-field approach suggests hat both nuclei become octupole- 
unstable at medium spins The observed enhancement of E1 rates supports th~s prediction In ~48Sm also a structure w~th simplex 
quantum number s= - 1 ~s observed At medium spins the reflection-asymmetric stru tures coexist wi h reflection-symmetric 
configurations The decrease of the electric dipole moment observed for the N= 86 ~sotones between Z= 62 and Z= 64 is ex- 
plained by the transition from static to dynamical octupole correlattons 
In the 84<N< 88 transit ional anthanlde nuclei 
around ~48Sm the competit ion between collective and 
smgle-partlcle modes gives rise to coexistence of  var- 
IOUS kinds of  nuclear excitations. O f  part icular inter- 
est for our work are the octupole excitat ions ob- 
served systematical ly in this region. These are 
attr ibuted to the pronounced octupole coupl ing be- 
tween f7/2 and 1~3/2 neutrons and d5/2 and h~ ~/2 pro- 
tons resulting in alternating-parity bands and collec- 
t ive dipole moments  observed here [1,2]. 
Theoretical ly,  nuclei f rom the Ba-Sm region are pre- 
dicted by the mean-f ie ld calculations to be octupole- 
soft or even octupole unstable at their ground states 
[ 3,4 ] as well as thetr excited states [ 5,2 ]. Accordmg 
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to the theory octupole mstablhty in these nuclei is due 
to a shell gap, which appears at Z= 62 for f13 > 0 [ 5 ]. 
Consequently,  the effect is not expected for larger Z. 
As in other N= 86 isotones, low-lying non-col lect ive 
states have also been observed in 146Nd and Ja8Sm 
[ 6 ]. However,  while in heavier isotones those states 
are interpreted as due to a shape change from the col- 
lective prolate to a non-col lect ive oblate structure, in 
148Sin some of those many-part ic le xcitations are 
most likely associated with an octupole-unstable con- 
f iguration. In this letter we want to present new evi- 
dence for 146Nd and 148Sm supportmg the above 
predictions. 
The measurement  of 1488m has been performed at 
the Hahn-Me l tner  Institute, Berlin. High-spin levels 
in 148Sm have been populated in the ~3°Te+22Ne r - 
action using a 22Ne beam 0f85 MeV from the VICKSI  
accelerator. The OSIRIS  spectrometer quipped with 
twelve Ge detectors in ant l -Compton shields and a 
mult lphcl ty  filter of  50 BGO crystals was used to 
measure the y-radiation from the reaction. In addi- 
t ion the hnear polar izat ion of  y-rays f rom the 
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~8Ba (J3C, 3n)148Sm reaction has been measured us- 
ing a 55 MeV beam from the tandem of Cologne Uni- 
versity. The measurement of ]46Nd has been per- 
formed at the KV1 Groningen bombarding a 3 rag/ 
cm 2 target ofsohd ~36Xe [7] by 13C projectiles 0f55 
MeV from the cyclotron The ,/-radiation was mea- 
sured using four Compton-suppressed Ge detectors 
and 10 NaI counters. 
The level schemes of 146Nd and ~48Sm were estab- 
hshed based on the ,/-,/coincidence data. In both cases 
spins were deduced from directional correlation 
(DCO) ratios [ 8 ] found in the present experiments 
ullhzlng known spins of low-lying levels [2,9]. For 
148Sm the parities of the levels up to spin I=  19 have 
been deduced from the linear-polarization measure- 
ment. For the stretched quadrupole transitions be- 
tween high-spin levels in 148Sm, having energies lower 
than 800 keV, we assumed an E2 character excluding 
an M2 assignment since no life time longer than 5 ns 
was observed. The parities of the low-spin levels in 
146Nd were taken from ref. [2] and for the high-spin 
levels in 146Nd they are suggested assuming an E2 
character for stretched quadrupole transitions The 
stretched character of dipole transitions deexcltlng the 
3247 keV and 4789 keV suggest an El assignment to 
these transitions. The l vel scheme of 146Nd and a 
partial evel scheme of 148Sin as obtained in the pres- 
ent work are shown in fig. 1. The high-spin states in 
148Sm have been studied earlier in the 148Nd (a, 4n) 
reaction [9] and in our previous work using 
138Ba(13C, 3n) and 15°Nd(~, 6n) reactions [6]. In 
our previous study of 146Nd [2] we introduced the 
849 keV (8+) -6  + transition, which could not be 
confirmed in the present work 
An important result of the present work is an ex- 
tension of the ground-state bands of alternating par- 
lty. having simplex quantum number [ 12 ] s = + 1,to 
spin I=  (27) in 14SSm and to I=  (19) in ~46Nd, and 
the observation of enhanced E1 transitions in these 
bands In table 1 measured B(E1 ) /B (E2)branch ing  
ratios in 148Sin and ~46Nd are shown. An average value 
of the B(E1) /B(E2)  ratios in s=+l  bands is 
1 7× 10 -6 fm -2 and 1 2× 10 -6 fm -2 for J48Sm and 
L46Nd respectively. Using known B(E2) transition 
rates m these nuclei [10] and assuming that these 
values stay constant m ground-state bands (see e g. 
'S4Dy [ I 1 ] ) we estimate the average B(E1 ) rates to 
be22×10-3Wu,  and l .5×10-3W.u  fo r thes=+l  
bands in 148Sm and 146Nd, respectively. These results 
indicate an enhancement of E1 transitions in both 
nuclei At medium spins B(E1) /B(E2)  ratios are 
larger, suggesting stabilization of octupole ffects with 
increasing spin. 
The enhancement of octupole collectivity in both 
nuclei is reproduced by the Woods-Saxon-Bogolyu- 
bov cranking calculations with an axially deformed, 
reflection-asymmetric mean field [ 12-14]. In octu- 
pole-unstable nuclei theory predicts an increase of the 
intrinsic electric dipole moment [ 13,14 ], which could 
explain the enhancement of E1 transitions in the 
s= + 1 bands The average Do values for the ground- 
state bands in N= 86 isotones are shown in fig. 2. The 
Do values for Z>/60 were calculated as 
Do= [SB(E1 ) /B(E2)  ] ~/2Qo , taking average B(E1 ) /  
B(E2) ratios from table 1 and refs. [15-17] and Qo 
from ref [10] For Z<60,  Do moments were taken 
from ref. [ 18 ]. Our work gives for ~46Nd D o = 0.18 ( I ) 
and for ~48Sm Do = 0 13 ( 1 ) for spins I~< 7 (full point ) 
and Do=0.22(2)  for spins 8~<I~ 16 (open point in 
fig 2) The experimental data are compared to the 
predictions of reflection-asymmetric Woods-Saxon 
model. The dashed line corresponds to calculations 
at 1=0 with the ground-state equlhbrium deforma- 
tions taken according to ref [ 19 ]. The predicted val- 
ues of Do representative for medium spins, I~  6, are 
indicated by a solid line computed using equil ibrium 
deformations obtained in ref. [5]. The N=86 lSO- 
tones of Ba, Ce and Nd are predicted to have reflec- 
non-asymmetric ground states. According to the cal- 
culations the octupole-deformed configuration is 
lowered at medium spins, which results in larger oc- 
tupole deformation and large Do moment The nu- 
cleus ~48Sm lies on the border of the region of octu- 
pole instability. It is predicted to be weakly 
quadrupole-deformed at I=  0 but it gains quadrupole 
and octupole collectivity at higher spins. The pre- 
dicted dipole moment at I~  6 is quite large. It is be- 
cause the proton and neutron contributions to Do add 
coherently for Z=62 and N=86-88 ,  (see refs. 
[13,5]).  Octupole-deformed shapes in Sm isotopes 
can be associated with the large single-particle gap at 
Z= 62, which opens up for f13 > 0 [ 5 ]. For Z> 62 cal- 
culations do not predict static reflection-asymmetric 
shapes, hence Do=0. On the average, the reflection- 
asymmetric mean-field approach reproduces experi- 
mental data surprisingly well. Of course, the results 
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Fig 1 Level scheme of 146Nd and partial level scheme of 1485m 
qs 
of calculations presented m fig. 2 should be consid- 
ered as a static limit. Dynamical fluctuaUons associ- 
ated with the coupling to low-lying quadrupole and 
octupole vxbratlons are expected to play a s~gnlficant 
role, especmlly for Z>~ 64, where they are responsible 
for large values of <D 2 ) (see e.g. ref. [20] ). 
Another interesting result of our work is the obser- 
vanon of a second alternating-panty sequence in 
~485m. The spln-parny assignments for the sequence 
above the 10- ,  3254 keV level were unambiguously 
determined using DCO and linear polarization mea- 
surements. The B(E1 ) /B (E2)  ratios are here of the 
same order as for the s= + 1 band (see table 1 ). This 
observation indicates a strong octupole m~xlng re- 
volved and suggests a s~mplex s=-  1 classification 
for this structure. This is the first firm observation of 
such a band. 
Looking for a possible interpretation of this struc- 
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Table 1 
Experimental B ( E 1 )/B (E2) ratios in ~ 46Nd and t 48Sm 
PHYSICS LETTERS B 11 April 1991 
Inmal level 
Eexc [keY] U 
E~(E1) Ey(E2) B(EI)/B(E2) 
[keV] [keY] [10-6fm -z ] 
~48Sm s= +lband 1595 
1906 
2129 
2715 
2807 
3398 
3615 
4104 
4398 
4805 
5136 
5497 
5946 
6195 
6592 
7329 
7620 
7978 
8214 
s=-  1 band 4890 
5275 
otherbranchmgs 2096 
2194 
2545 
3422 
3993 
4104 
4805 
5497 
5946 
146Nd s= +lband 1518 
1781 
2030 
3247 
4789 
other branchmgs 2475 
3124 
3405 
5 414 443 068 _+004 
6 + 312 726 081 _+005 
7 223 534 062 _+004 
8 + 586 809 0 8 _+0 1 
9- 92 679 49 _+09 
10 + 591 683 1 5 +03 
11- 217 807 29 _+03 
12 + 490 706 5 1 _+1 2 
13- 293 783 1 9 +04 
14 + 407 701 09 _+02 
15- 33t 738 04 +01 
16 + 360 69t I 2 _+02 
18 + 109 450 1 2 _+02 
19- 249 358 <0 025 
20 + 398 647 0 11 _+003 
22 + 416 737 <2 3 
23 291 707 1 7 _+05 
24 + 357 648 0 8 +0 3 
25- 237 549 45 _+1 5 
14 373 781 1 1 +0 1 
15 + 385 758 0 7 _+0 1 
6 + 502 915 1 22 +007 
6 + 600 1014 I 9 _+05 
8 + 416 639 I 8 _+008 
11 187 615 104 +05 
12 + 571 757 049 _+005 
12 + 682 706 019 +005 
14 + 694 701 006 _+001 
16 + 654 691 08 +0 1 
18 + 385 450 005 +001 
5- 475 (329) > 1 0 
6 + 262 737 09 _+02 
7- 250 512 I 3 +0 1 
(10 + ) 540 > 1 5 
(14 + ) 494 (828) 1 4 -+02 
8 + 445 694 2 6 +0 9 
10 + 417 649 021 +004 
11- 281 699 068 _+005 
ture as well as i r regular i t ies  observed  in the s= + 1 
band around sp in  I=  18 let us note  that  in both  J46Nd 
and  ~488m there is a s t rong compet i t ion  between oc- 
tupo le  and  non-co l lect ive  xc i tat ions,  the latter be ing 
observed  systemat ica l ly  in the N=86 ~sotones 
[9,15,21 ]. In table 2 we show some o f  the probab le  
ass ignments  for  levels m 146Nd and  1488m. The  struc-  
tures  on top o f  the 8 + states at 2475 keV and 2545 
keV and  11-  states at 3405 keV and  3422 keV in 
146Nd and  ~48Sm respect ively,  cor respond most  p rob-  
ably to a near ly  spher ical ,  re f lec t ion -symmetr ic  con-  
f igurat ion  since E1 t rans i t ions  feeding these levels 
f rom the s= + 1 band are an order  o f  magn i tude  
s lower  than  those w i th in  the s= + 1 band (cf. table 
296 
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Table 2 
Single-particle configurations in 146Nd and ~aSSm 
PHYSICS LETTERS B 11 April 1991 
Level 
Ex [keY] 1 • 
146Nd 148Sm 
Configuration 
2475 2545 8 + 
3254 10- 
3405 3422 11- 
(5901) 5946 18 + 
6593 20 + 
6694 21- 
{v[ (f3/2), h9/2 ]8+x(dg-/2)o+ }8÷ 
{v(I,3/2, f73/2),o-x(d~-/2)o+} 10- and 
{V[(i1312,h9/2)lO-(f~12)o+]lo ~(d5/2)o+1 ,o -
{V[ (113/2, h9/2)lla_X (f2/2)0 + ]x(d~-/22)0 }li- 
{V[ (123/2)12 +,(f2/2)6+ ]~Saxrt (d~/~)o+ }18+ 
{v (i23/2)12+ (h9/2, f7/2 )8+ ] ~Oa+x~ (d~-/2)0 + }20+ 
{ [v(I,3/2, h9/2 )'~p-~ (f72/2) o+ }~(h7,/2 )~0~}2,- 
I 1 I 
o2 
E 
o01  
if3 
00- ' , - - \  
I I I 
58 62 66 
PROTON NUMBER 
Fig 2 Plot of the electric dipole moment Do as a function of pro- 
ton number for the N=86 lsotones For J48Sm the full (open) 
points represent an average value of Do for spins 1~< 7 ( 8 ~< 1~< 16 ) 
The theoretical prediction of the reflection-asymmetric Woods- 
Saxon model is indicated by the dashed (I = 0) and solid (1 ~ 6 ) 
line 
1 ). The  s i tuat ion is d i f ferent for st ructures bui l t  on 
the 10- ,  3254 keV and  the 18 +, 5946 keV levels. 
These levels are also in terpreted  as s ingle-part ic le 
conf igurat ions.  However  a l ternat ing-par i ty  bands  
bui l t  on top of  them show large B(EI)/B(E2) 
branch ing  ratios, which are of  the same order as those 
in the lower part  o f  the s= + 1 band.  In our  op in ion  
these observat ions  ind icate  a new couphng scheme 
where a s implex structure is based on an octupole-  
unstab le  many-quas ipar t i c le  conf igurat ion  
The  results obta ined  in the present  work for 148Sm 
ind icate a new physical  s i tuat ion  where octupole  
modes  are mixed with both, col lect ive and  non-col-  
lect ive h igh-spin excitat ions.  Fur thermore ,  the obser- 
vat ion  of  low-lying, non-col lect ive exc i tat ions im- 
plies that  this nucleus is y-soft and  may behave as 
heavier  N= 86 isotones where shape changes f rom the 
col lect ive prolate to non-col lect ive oblate structures 
have been observed.  Therefore  ~48Sm is a good can- 
d idate  to test the ro ta t ion - induced interp lay between 
ref lect ion asymmetry  and  tr iaxiahty.  
The  authors  would like to thank  Ing O.C. Dermois  
f rom KVI  Gron ingen and  Professor H. Pos tma f rom 
the Technical  Univers i ty  in Delft for a substant ia l  help 
in prepar ing a cryo-target of  136Xe. Th is  work was 
part ly suppor ted  by the Pol ish Min is t ry  for Nat iona l  
Educat ion  by contract  CPBP 01.09 and  by the Swed- 
ish Science Research Counci l  (NFR) .  
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